ABSTRACT. Colibacillosis associated with salpingitis occurred in a layer chicken flock on a commercial egg-producing farm in Japan. An increase in mortality was observed when the birds were at 62 weeks of age and reached 0.89% at 68 weeks of age. Postmortem examinations revealed pericarditis, perihepatitis, airsacculitis, and reproductive tract lesions in 4 affected birds at 69 weeks of age. Analysis of pulse-field gel electrophoresis (PFGE) patterns and putative virulence genes of 22 E. coli isolates obtained from the affected birds demonstrated that isolates from liver, heart, and the surface of the reproductive tract of one bird were genetically unrelated with those recovered from the lumen of the oviduct. In the other birds, isolates from liver, heart, and reproductive tract lesions were closely related to each other. These findings suggest that salpingitis in the former bird may be caused by ascending infection of the oviduct from the cloaca and salpingitis in the remaining birds may occur as part of systemic infection.
Colibacillosis in poultry can be either localized or a systemic infection with Escherichia coli [2] and is characterized by a diverse array of lesions, although airsacculitis, perihepatitis, and pericarditis predominate [8] . The natural route of infection in colibacillosis is controversial but the oral and respiratory routes are considered to be significant [8] . E. coli strains, such as those that spread into various internal organs and cause colibacillosis characterized by systemic fatal disease are designated as avian pathogenic E. coli (APEC) [15] . Several putative virulence genes found in APEC have been suggested to play role in pathogenesis of colibacillosis. APEC is responsible for significant morbidity and mortality in the poultry industry worldwide [7, 11] . Although economic losses due to colibacillosis in broilers have been traditionally described [24] , the cases in laying hens have only recently been recognized [6, 9, 10, 13, 21, 28] . Salpingitis, which is associated with colibacillosis, can be caused by both ascending infection of the oviduct from the cloaca and spread to the oviduct from airsacculitis as part of a systemic infection [2] . We have recently encountered cases of colibacillosis associated with salpingitis in layer chickens. To clarify routes of entry of E. coli in these birds, the present study compared isolates obtained from the reproductive tract, liver, air sac, and heart with respect to serotyping, pulse-field gel electrophoresis (PFGE)-based molecular typing, and the presence of the putative virulence genes.
A flock of White Leghorn hens comprising approximately 27,000 birds was reared in an environmentally controlled windowless house. In January 2009, a total of 73 birds (0.28%) died at 62 weeks of age. The mortality rate was approximately 1.5-fold higher than that observed during the previous 2 to 3 weeks. The mortality rate gradually increased thereafter such that the number of dead birds reached 230 birds (0.89%) at 68 weeks of age. Four birds at 69 weeks of age were submitted for postmortem examination. The postmortem state of these individuals was such that they were not considered to be appropriate for histological examination. Swabs collected from lesions of liver, heart, and air sac, mucosal lesions of the oviduct, uterine tube and vagina, and serosal surface of the uterine tube were individually subjected to bacteriological examination by streaking onto desoxycholate hydrogen sulfate (DHL) agar (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan). Because the DHL plates yielded redish colonies in pure culture, 2 colonies were picked from each of the plates and the biochemical characteristics were determined using API20E (bioMerieux, Marcy-l'Etoile, France), and identified as E. coli. Serotyping of E. coli strains were performed by slide agglutination using commercially available O-anti-sera (Denka Seiken Co., Ltd., Tokyo, Japan). PFGE patterns of XbaI-digested chromosomal DNAs of all the isolates were analyzed as described elsewhere [19] . Eight putative virulence determinants, P-fimbriae (papC), aerobactin (iucD), iron-repressible protein (irp2), temperature-sensitive hemagglutinin (tsh), vacuolating autotranspoter toxin (vat), enteroaggregative toxin (astA), increased serum survival protein (iss), and colicin V plasmid operon genes (cva/cvi) were detected by a PCR assay with previously published primer pairs [9] .
Postmortem examination in bird 1 revealed a shelled egg covered with fibrinous exudates in the vagina in which the mucosa appeared to be distended and inflammatory (Fig.  1A) . Multiple masses of caseous exudates were demonstrated in the upper oviduct (Fig. 1B) . The ovary was found to be degenerative, edematous, and yellowish in color. Peri-hepatitis and airsacculitis were also observed in this bird. In bird 2, pericarditis and liver fibrinous exudates (Fig. 1C) were found, as was edema in the mucosa of the vagina containing a soft-shelled egg. The mucosa of the ampulla was slightly thickened and the ovary appeared to be grossly normal. Pericarditis was demonstrated in bird 3 but lesions in the reproductive tract were not found. In bird 4, the mucosa of the oviduct was thickened and edematous and multiple masses of caseous exudates were found in the oviduct lumen. Heart and liver in this bird were grossly normal.
A total of 22 E. coli isolates were obtained from the 4 affected birds above (Table 1) . Serotypes found in the isolates included O25 (9 isolates), O125 (5), and O153 (1). Seven isolates from bird 1 were untypeable. PFGE patterns of the 22 isolates were classified by more than 7-band differences between each of 2 isolates and were arbitrarily designed as pattern A to G (Fig. 2) . Isolates belonging to the pattern G were further distinguished by one-to three-band differences and designated as G1 through G3. E. coli isolates obtained from the reproductive tract of bird 1 were classified into multiple PFGE patterns. Interestingly, PFGE patterns of isolates recovered from liver and air sac lesions and the serosal surface of the uterine tube were indistinguishable each other (pattern A) and distinct from those of the isolates obtained from the lumen of the reproductive tract (patterns C to F). PFGE patterns observed in isolates from birds 2 through 4 belonged to pattern G. Of the 22 isolates, 12 isolates with PFGE patterns C, D, E, F, and G harbored the putative virulence genes, iss, irp2, iucD, vat, or cva/cvi. Isolates with the distinct PFGE patterns carried different combinations of these genes. One of 2 isolates with pattern C did not carry the cva/cvi gene (Table 1) . Because the cva/cvi gene is mainly harbored on the ColV plasmid [25, 27] , this isolate is unlikely to have the plasmid carrying this gene.
E. coli was considered as the causative agent of septicemia and salpingitis in birds in this commercial layer farm because this organism was isolated from typical lesions associated with colibacillosis. In this study, serotypes (O25, O125, and O153) of E. coli isolates obtained from the affected birds were infrequently reported in isolates associated with colibacillosis in chickens so far [16] . Although O1, O2, and O78 represent major E. coli serogroups that were associated with colibacillosis [4, 5, 10, 26] , other serotypes have also caused this disease [18, 16] , suggesting that serotypes of E. coli are not critical factors for the pathogenesis of colibacillosis in chicken. Any putative virulence genes tested were not detected in the isolates with PFGE pattern A and B although these isolates were obtained from typical colibacillosis lesions. Thus, other factors [1, 3, 12, 14, 17, 20] that were not examined in the present study may be associated with the pathogenesis.
Salpingitis in the affected birds in the present study possibly occurred through multiple routes of infection with E. coli. In bird 1, systemic infection may be caused by a strain with the PFGE pattern A that were obtained from liver, heart, and air sac lesions. Moreover, isolates obtained from the surface of the serosa of the oviduct showed the pattern A. Common PFGE patterns to the pattern A were, however, not recognized among 6 isolates (patterns C, D, and F) obtained from the reproductive tract lesions in this bird, indicating that E. coli strains with these PFGE patterns may ascend the oviduct from the cloaca. PFGE patterns of isolates obtained from heart and liver and reproductive tract lesions in bird 2 were indistinguishable from one another. Furthermore, PFGE patterns of isolates from the heart lesion in bird 3 were identical to those shown in isolates from bird 2 and isolates from the oviduct lesion in bird 4 were closely related to those from birds 2 and 3 according to the established criteria for subtyping of bacteria by PFGE [23] , suggesting that the strain with this PFGE profile (pattern G) may be a common causative agent. Thus, the cases includ- O125  A  -----D438  1  Liver  UT  B  -----D439  1  Air sac  O125  A  -----D440  1  Air sac  O125  A  -----D441  1  Serosa of uterine tube  O125  A  -----D442  1  Serosa of uterine tube  O125  A  -----D443 1 Vagina ing birds 2 through 4 in the present study may be a part of an outbreak caused by infection with an E. coli strain exhibiting the PFGE pattern G which resulted in 0.9% bird mortality in the house the previous week. Our previous study demonstrated that only a limited number of E. coli clones, confirmed by PFGE, were associated with systemic colibacillosis infection that occurred in laying hens in a commercial egg-producing farm [22] . Monroy et al. [18] demonstrated that characteristics of E. coli isolates obtained from broiler breeders with salpingitis were similar to those of strains of E. coli isolated from cases of chronic respiratory disease and colicepticemia in terms of the production of siderophores and aerobactin and pathogenicity for day-old chicks. These observations and our results suggest that spread to the oviduct is likely to occur as a part of systemic infection in birds 2 through 4 although the oviduct lesions were not found in a bird. Further study needs to investigate specific factor(s) responsible for E. coli colonization in the reproductive tracts.
